Background. Drugs with low oral bioavailability due to the first pass metabolism are good candidates for transdermal delivery. Objectives. The aim of this work was preparation of transdermal nanoemulsion of metoprolol which has high first pass metabolism. Methods. Three commercially available types of lecithin (200, 100p, and 170), three short chain alcohol (n-butanol, isopropyl alcohol, and n-propanol), and isopropyl myristate (IPM) were used as surfactant, cosurfactant, and oil phase, respectively. The aqueous phase was composed of metoprolol tartrate. Nanoemulsions with different surfactant/cosurfactant weight ratio, various amounts of drug, and different types of alcohol were prepared, and their phase diagrams were studied. Drug release, permeability, and diffusion coefficient of the drug were studied using hairless rat skin. Results. A significant increase in drug solution rate was observed with increasing the metoprolol content in the nanoemulsions, while it decreased when lecithin concentration increased from 40% to 60%. Increasing the water content resulted in a significant increase in metoprolol release. N-butanol enhanced the drug flux from nanoemulsions more than n-propanol and isopropyl alcohol. The o/w nanoemulsions of metoprolol showed high flux and permeability through the skin. Conclusion. Both w/o and o/w nanoemulsions of metoprolol could enhance permeation and diffusion of metoprolol through rat skin.
Introduction
The human skin is a readily accessible area for drug delivery. It covers a surface of 2 m 2 in an average adult body with the thickness of about 2.97 ± 0.28 mm that uptakes one-third of whole blood circulation [1, 2] . Skin is a barrier that protects the body against chemical and microbial agents; it also controls body temperature and has some roles in controlling blood pressure [2] . Skin consists of three layers: epidermis, dermis, and hypoderm. The epidermis has four regions: basal layer, spiny layer, stratum granulosum, and upper most stratum corneum; the latter consists of keratinized, dehydrated, and highly cornified cells which are inlaid in continuous matrix of lipid membranous sheets constantly replacing internal layers. The water intake of stratum corneum is about 20%. The human skin surface contains average 10-70 hair follicles and 200-250 sweat ducts on every square centimeter area of the skin [1, 3, 4] . Currently, skin is a good candidate for drug delivery and systemic pharmacological approach. Transdermal drug delivery has some benefits: skipping first pass metabolism in liver, steady infusion of a drug over an extended period of time, better compliance of the patient due to ease of usage and reduced frequency of use, a choice for drugs with low therapeutic index and short half life, and so easy elimination of drug when toxicity occurs during the application [3, 5, 6] . Also transdermal drug delivery has some disadvantages such as the possibility of local irritation and skin's low permeability. Considering that variability may occur due to differences in skin permeation due to differences in subcutaneous fat deposition the reduction of inconstancy in the plasma concentration of drug may be restricted. The release of drug from its carrier depends on the concentration of drug in the carrier, physiochemical properties, and presence of polar groups and molecular weight of the drug. Its contamination, and optical transparency [12] , so they have the essential criteria for transdermal drug delivery.
Microemulsions are homogenous systems by some unique characteristics which make them a good choice for delivering drugs and are widely used in pharmaceutical companies. They have been also used for oral and intramuscular injection routes [16] [17] [18] . The lecithin organogels have been used for preparation of local sodium salicylate [16] , methimazole [19] , and ketoprofen [20] .
Intravenous nanoemulsions have been on the market for parenteral nutrition since the 1950s; meanwhile, they have also been used successfully for IV drug delivery [21] .
Nanoemulsions were tested on surfaces by the US Army in December 1999 for a broad-spectrum decontamination of anthrax spore surrogates. It was tested again in March 2001 as a chemical decontamination agent. All tests were successful. The technology has been tested on gangrene and Clostridium botulism spores and can even be used on contaminated wounds to salvage limbs. The nanoemulsion technology can be formulated into a cream, foam, liquid, or spray to decontaminate a variety of materials marketed as NANOSTAT (NanoBio Corp.) [22] .
Nanoemulsions are being used to deliver either recombinant proteins or inactivated organisms to a mucosal surface to produce an immune response. The first applications, an influenza vaccine and an HIV vaccine, can proceed to clinical trials. Additional research is ongoing to complete the proof of concept in animal trials for other vaccines including hepatitis B and anthrax. The University of Michigan has exclusively licensed this technology to NanoBio [22] .
Metoprolol is a potent 1 -selective adrenergic blocking agent. The 1 -adrenoceptor antagonists are extensively used in various cardiovascular disorders. The oldest drug of this family is propranolol, but because of its blocking effect on smooth and skeletal muscles it is contraindicated in patients with asthma and should be used with caution in diabetic individuals [23] . Now metoprolol is widely used as a first choice drug in the treatment of mild to moderate hypertension and stable angina and is helpful in postinfarction patients [24] . These benefits are gained due to blocking peripheral adrenoceptors, decreasing rennin secretion from kidneys, and decreasing oxygen use in myocard [25] .
Unfortunately, this drug undergoes a wide first pass metabolism but this deactivation can be overcome by fabricating the drug in transdermal therapeutic systems [26] . Nair et al. [27] used the combination of iontophoresis with sodium lauryl sulfate and showed augmented metoprolol delivery which rendered skin drug depot eventually released over a period of time. The transdermal matrix films of metoprolol tartrate were also prepared by casting on mercury substrate employing different ratios of polymers, ethyl cellulose (EC) and polyvinyl pyrrolidone (PVP), using dibutyl phthalate (DBT) as a plasticizer [28] . Based on the physical evaluation, in vitro drug release, and permeation characteristics, it was concluded that, for potential therapeutic use, monolithic drug matrix films composed of EC : PVP, may be suitable for the development of a transdermal drug delivery system of metoprolol [28] . Matrix and membrane controlled transdermal therapeutic systems were prepared from methacrylic polymers (Eudragit NE) applying different sucrose fatty acid esters to control the drug release and cutaneous absorption of metoprolol [29] . Eudragit RL-100 and polyvinyl acetate have also been used in production of the matrix type transdermal drug delivery systems of metoprolol by film casting technique which showed statistically significant reduction in mean blood pressure in methyl prednisolone-induced hypertensive rats [30] . Ghosh et al. [23] studied the effect of n-decyl methyl sulfoxide (nonionic surfactant) as a percutaneous absorption enhancer in permeation rate of metoprolol across human cadaver skin. They used 1.5 mm polyacrylate patches (10% w/w) containing varying concentrations of n-decyl methyl sulfoxide and tested for skin permeation potential. It was found that incorporation of n-decyl methyl sulfoxide up to 3% w/w concentration did not produce any significant change in skin permeation rate. A concentration of 5% w/w of this surfactant showed 40% enhancement in metoprolol permeation rate. They concluded that metoprolol permeated quite efficiently through both hairless mouse and human cadaver skin when applied from the polyacrylate patch with no significant lag time. Use of electrical outflow has also been reported for increasing drug permeation due to opening skin pores [30] . Considering the different reports on transdermal delivery of metoprolol and the good results obtained by other drugs used in the basis of nanoemulsions for enhanced permeation in the skin, the aim of the present work was to prepare lecithin nanoemulsion for transdermal delivery of metoprolol in the treatment of hypertension. To our knowledge there is no report on the production of metoprolol lecithin based nanoemulsions and, its designing is novel.
Material and Methods

Materials.
Lecithin 200, 100p were from Locus Meyer industry, Germany, lecithin 170 was from Degussa, Germany, n-butanol, isopropyl alcohol, n-propanol, potassium monohydrogen phosphate (K 2 HPO 4 ), NaOH, and sodium lauryl sulphate (SLS) were from Merck Chemical Company, Germany, cellulose membrane from Biocin industry, Belgium, isopropyl myristate from Aldrich company, Germany, and metoprolol was from Alborz Darou, Iran, as a gift sample. All the materials were of analytical grades.
Animals.
Healthy male Wistar albino rats weighing 180-280 g were purchased from Pastur Institue, Tehran, Iran. Animals had free access to standard rat chow and tap water ad libitum. They were kept in a temperature-controlled environment in animal house of Isfahan University of Medical Science at 23±2 ∘ C with an alternating cycle of 12 h light and dark.
Preparation of Lecithin Organogels of Metoprolol.
For preparation of lecithin organogels of metoprolol lecithin was added to 40 ∘ C water while being stirred on a magnetic stirrer at 300 rpm. After complete dissolution of lecithin isopropyl myristate was added at room temperature leading to the formation of a turbid lotion. Finally, by adding one of the three short chain alcohols of n-butanol, isopropyl alcohol, or n-propanol as cosurfactants, the organogel was achieved. After the preliminary tests 16 formulations were selected according to the ratio of lecithin/isopropyl myristate and metoprolol percent that are shown in Table 1 . Among these formulations one that had the least amount of alcohol was selected as the optimum formulae.
Lecithin-Oil-Water Phase
Diagram. Different amounts of water were added to the lotion of lecithin/isopropyl myristate in fixed ratio of 1 : 1.5. The studied variables were the percent of metoprolol in solution, the type of alcohol (n-propanol, isopropyl alcohol, and n-butanol), and the different amounts of lecithin. Finally, the effect of lecithin amount, metoprolol percent, alcohol type, and the ratio of lecithin/isopropyl myristate on the transparent region of nanoemulsion was estimated. As the amount of water increases, the microemulsion turned to a viscous gel. Phase diagrams for the organogel system also demonstrate the behavior of organogel system such as cloudiness, isotropicity, optical transparency, and viscosity.
The Nanoemulsion Characteristic of
Metoprolol Organogels 2.5.1. Particle Size Measurements. The mean particle size of nanoemulsions was measured by photon correlation spectroscopy (PCS) at a fixed angle of 90 ∘ (Zetasizer, ZEN 3600, Malvern Instrumental, UK). Nanodispersion was suitably diluted to measure mean particle size and polydispersity index. Dynamic light scattering (also known as photon correlation spectroscopy or quasielastic light scattering) is a technique in physics that can be used to determine the size distribution profile of small particles in suspension or polymers in solution. It can also be used to probe the behavior of complex fluids such as concentrated polymer solutions. So, none of the ingredients of the formulation interfered with the particle size measurements.
Turbidity of Nanoemulsions.
All the samples were tested with spectrophotometer at the wave length of 580 nm, and the absorbance was read. Then the absorbance was changed to transmittance.
Birefringency.
The microemulsions were assessed through the polarizing microscope. The rotation of scaled sheet shows the birefringency of the system.
Rheologic Characteristics.
For investigation of rheologic behavior of the samples a Rheomat device (RM/180 model, Mettler, Germany) was used. The measuring tube diameter was 15.18 mm, the measuring bob diameter was 14 mm, the shear rate was in the range of 6.5-129 (S −1 ), and the fill volume was 9 mL. For drawing the rheogram, shear rate was increased for the samples till maximum. The shearing stress was plotted against shear rate.
Drug Release Studies In Vitro.
In vitro permeation studies were performed using Franz diffusion cell. The cellulose membrane was previously soaked for 24 h in PBS in order to open the pores. These membranes were mounted between the donor and receptor compartment of the diffusion cell. 2 g of the formulated nanoemulsions was placed over the membranes. The receptor compartment of the diffusion cell was filled with phosphate buffer pH 7.4. The solution in the receptor compartment was constantly and continuously stirred using magnetic stirrer at 37 ± 2 ∘ C. 2 mL samples were withdrawn at predetermined time intervals of 30, 60, 120, 180, 240, and 300 min and replaced with an equal volume of fresh phosphate buffer with the same temperature. The samples were suitably diluted and analyzed to determine drug content using UV spectrophotometer at a wave length of 275.9 nm. All tests were done in triplicate. For each sample there was a blank. The actual concentration of samples was calculated by using
where is the actual concentration of sample , is the apparent concentration, −1 is the actual concentration of sample − 1, is the volume of sample, and is the volume of total sample.
Measurement of Drug Penetration from Rat Skin.
All test conditions in this experiment were as mentioned earlier in previous section but with some modifications; the freshly excised full thickness hairless abdomen skin of male Wistar rat was mounted on glass diffusion cells with the stratum corneum side in intimate contact with donor phase and the dermal side facing the receptor solution. Samples from the receptor compartment were withdrawn at predetermined time intervals, and the concentration of drug released was measured.
The Diffusion Coefficient and Permeation Coefficient
Measurements. Flux of drug was estimated from Fick's first law of diffusion:
in which is the surface area of diffusion cell and / is the slope of drug release curve [5] . For determination of diffusion coefficient the following equation was used:
where is the slope of the cumulative drug release profile, o is the amount of primary drug, is the surface area of diffusion cell, and is drug diffusion.
For calculating the permeation of drug, the following was used:
where is the amount of drug released, is the permeation coefficient, is the surface area through which drug permeates, and is the amount of drug in donor phase [5] .
Data Analysis.
For the evaluation of drug release kinetics Excel 2007 software was used, and the statistical analysis was done using SPSS software version 10. All data were expressed as mean ± SD and were compared by analysis of variance (ANOVA) test followed by the post hoc test of LSD. A significant level of < 0.05 was considered in all cases. metabolism, ease of application and reduction of inconstancy in the plasma concentration of drug. Metoprolol is an antihypertensive drug with short half life which needs to be used, frequently; meanwhile it goes under a high first pass metabolism so that its oral bioavailability is just 50%. Bioavailability is reduced by about 20-30% for the controlled release preparation compared to the conventional tablets. Therefore, this drug is a good candidate for transdermal delivery [27] [28] [29] .
Results and Discussion
Metoprolol in a Lecithin
Formulation Types.
In order to increase the permeation of metoprolol, different ratio of soya lecithin and isopropyl myristate (from 90 : 10 to 10 : 90) was used. The best ratios of lecithin/IPM were 40 : 60, 50 : 50, and 30 : 70. The formulations containing more than 50% of lecithin and less than 30% could not be prepared, since more than 50% of lecithin could not be dissolved in IPM, and when its concentration was less than 30% too much alcohol was needed to prepare the nanoemulsion [31] . Figures 1-4 show the effect of lecithin type, alcohol type, drug content, and lecithin/isopropyl myristate ratio on the transparent region of nanoemulsions, respectively.
Phase Diagram. Phase diagrams seen in
By increasing purity of lecithin (type 200 was the most pure one and type 100p had the lowest purity) the transparent region increased (Figure 1 ) as Nasser and coworkers [32] also showed in their study. By increasing alcohol chain ( Figure 2 ) the transparent region decreased. Trotta et al. [33] reported such a phenomenon in their study too. Increasing drug content (Figure 3) did not change the transparent region, but 15% of metoprolol decreased the transparent region because of decreasing the surface tension [33] . Changing in IPM/lecithin ratio did not change the transparent region (Figure 4) .
Characteristics of the Nanoemulsions of Metoprolol Organogel
Turbidity and Particle Size of Nanoemulsions.
There is a close and direct relationship between transparency and the particle size. All samples were transparent when seen with eyes and showed a particle size between 17 and 49 nm except F 3 and F 15 which had larger particle size. Table 2 shows the transmittance and particle size of the samples. The samples with more transparency and smaller particle size were better choices for studying the drug release parameters. The most transparent formulation was the aqueous solution of metoprolol (F 11 ) after that the nanoemulsion of F 8 had the highest transparency while F 15 was the most turbid one. Both these formulations have similar amounts of drug and are prepared using n-propanol as the cosurfactant, but F 8 contains more lecithin 200 which has higher purity than the type of lecithin 170 used in less amounts in F 11 . The former has also lower amounts of IPM. DLS method may be used even for suspensions which are dispersed systems with micrometric particles and quite turbid so turbidity of some samples does not interfere with the PCS measurements. Moreover, as mentioned in the methods all samples were diluted suitably before particle size measurements.
Birefringency.
The microemulsions were assessed through the polarizing microscope; none of the samples showed light scattering; the background was dark; and no birefringency was seen, representing the production of nanoemulsions. Figures 5-7 . Initially, the flow of organogels did not change by changing the shearing stress, but after a while with the increasing in the rate of shear, shearing stress increased linearly too. Adding the amount of lecithin increased shearing stress ( Figure 5 ), while increased amounts of water decreased it ( Figure 6 ). Changing the amount of drug did not change the shearing stress ( Figure 7) . Rheologic behavior is a sign of flow and dispersion of a system and also affects the release process [34, 35] . So knowledge of the rheologic behavior of a transdermal drug delivery system is obviously important. Lecithin organogels show Newtonian behavior before they become gels but by adding water they show non-Newtonian behavior [36] . Three types of flow are seen in these systems: plastic, pseudoplastic, and dilatant flow. As seen in Figures 5-7 all studied formulations had plastic flow behavior; when the organogels were sheared at low shear rates, they behaved like a solid and show elasticity. With a subsequent increase in shear rate, the tubular structures are weakened. The gelling molecules break the physical interactions of the tubules until the shear stress is high enough to destroy the organogel structure, so they flow in linear form [12] . 2.5% drug) 5% drug)
Rheologic Behavior. Flow properties of different nanoemulsions are shown in
Rate of shear (1/s) viscosity and shearing stress of the formulations ( Figure 5 ). By changing the water content of nanoemulsions from 0.4 g in F 12 to 0.8 g in F 2 and 1 g in F 13 the viscosity and shearing stress decreased too ( Figure 6 ). Nasser and coworkers achieved similar results in their study on the ketorolac thrometamine organogels in which, by increasing the water content of nanoemulsions, the viscosity and shearing stress decreased [31] . Changing the drug content from 2.5 to 15% did not have significant effect on the rheologic behavior of nanoemulsions, and no change in viscosity was observed (Figure 7) .
In Vitro Drug
Release. The results of flux calculation, regression coefficient, and permeation and diffusion of different formulations are written in Table 3 .
As Table 3 indicates in formulations of F 16 , F 15 and F 6 the flux and drug release rate is the lowest. In formulation of F 15 by increasing the ratio of lecithin : IPM, the coefficients of permeation and diffusion decreased (Table 3) . Increasing the lecithin : IPM from 30 : 70 to 40 : 60 and 50 : 50 drug release (flux) decreased; it can be interpreted in this way that thermodynamic activity of drug is decreased in higher concentration of lecithin. In higher concentrations of lecithin there are cylindrical micelles which trap the drug, so the flux of drug and its release rate decreased (Table 3 ) ( < 0.05) (cf. F 16 , F 15 , and F 6 ). Aboofazeli and coworkers achieved similar results in their study on the ketorolac thrometamine organogels [31] . By increasing the drug content from 2.5 to 10% the rate of drug release enhanced (F 4 , F 5 , and F 6 ), and after that by increasing the drug content to 15% the rate of release declined again (Table 3 ) ( < 0.05) (compare F 7 and F 6 ). These results confirm the fact that release profile is attributed to drug concentration. The explanation for this phenomenon is that the thermodynamic activity increases by increasing drug concentration until it reaches the saturated concentration, and after this concentration the thermodynamic activity decreases, and accordingly the release declines. Santoyo and coworkers [37] achieved similar results in their study on piroxicam release from propylene glycol gels. Also Henmi et al. [38] reported that indomethacin release from oily gels consisting of soya phospholipid was directly contributed to the drug concentration.
Increasing water content increased the flux and drug release rate from the formulations (Table 3 ) (cf. F 2 , F 12 , and F 13 ). This is because water can enhance drug permeation from cellulose acetate pores [31] . According to the type of alcohol it was observed that flux was lower in formulations which were prepared by n-propanol and isopropanol than those by n-butanol ( < 0.05) ( Table 3 ) (cf. F 1 , F 17 , and F 6 ). Npropanol and isopropanol are dispersed majorly in aqueous phase, so drug was trapped in inner phase of w/o emulsions, and consequently its release decreased, but water solubility of n-butanol is lower than the other two alcohols [16] ; therefore, it may be concluded that the drug was entrapped more in the outer phase causing the faster and increased flux.
Comparing the drug release rate, flux, permeation, and diffusion from formulations containing 0.4 g of a 10% metoprolol solution with nanoemulsions containing the same amount of drug but with a different type of nanoemulsion revealed that o/w nanoemulsion formulations released the drug faster than w/o types, because w/o nanoemulsions trap drug more and prevent their fast release; that is, representing drug is passed more in time [10] (compare F 8 and F 14 ) (Table 3) .
Increasing the purity of lecithin decreased the release from formulation where lecithin 100p increased drug permeability more than other lecithin types ( < 0.05) (cf. F 9 , F 8 , and F 6 ) ( Table 3 ). This result is contrary to Aboofazeli and coworkers' [16] results that can be interpreted in this way that the more pure lecithin can absorb more water in the core of nanoemulsion and decrease drug release rate as discussed 8 Journal of Nanomaterials earlier about the effect of water content of nanoemulsions on the drug release rate and flux.
Comparing the drug release rate through the cellulose acetate membrane and rat skin ( †F 2 , †F 10 , and †F 11 ) it was observed that in all formulations the flux and drug release rate was higher when using cellulose acetate membrane ( < 0.05) ( Table 3) . It is similar to the study of Malaz et al. [39] on release profile of tretinoin gels through synthetic membrane and rat skin. This low release of drug through rat skin relates to complexity of skin texture which does not allow drug molecules to penetrate.
The release rate and flux of metoprolol from an aqueous solution (F 11 ) through rat skin was more than both w/o (F 2 ) and o/w (F 10 ) types of nanoemulsions ( < 0.05) ( Table 3) due to drug entrapment in nanoemulsions. Drug release rate, or flux in rat skin did not differ so much in w/o ( †F 2 ) and o/w ( †F 10 ) nanoemulsions type ( > 0.05) ( Table 3) .
Increase in the amount of flux enhances drug permeation and diffusion coefficient. Drug permeation and diffusion coefficient were more in the formulations studied by cellulose acetate membrane than rat skin (Table 3 ) (cf. F 2 , F 10 , and F 11 with †F 2 , †F 10 , and †F 11 ). The highest flux and permeation was seen in F 11 (aqueous drug solution) and the lowest was seen in F 10 (o/w types of nanoemulsion) ( < 0.05).
In spite of promising results obtained from nanoemulsions for transdermal uses attention to toxicological aspects of nanosized delivery systems should not be ignored. Lipid-based nanoparticles such as liposomes, micelles, and nanoemulsions are platforms that must be compatible with the physiological environment and prevent undesirable interactions with the immune system. At present there is little experimental evidence on the potential toxicity of nanoemulsions [40] . Nevertheless, there are a number of physicochemical and physiological mechanisms associated with the small particle size in nanoemulsions that could potentially cause toxicity. Avoiding immune stimulation or suppression is an important consideration when developing new strategies in drug and gene delivery. The organic solvents are usually removed by evaporation during the preparation of the nanoemulsions, but some residual solvent may remain in the final product. It is therefore important to be aware of the potential toxic effects associated with any residual organic solvents if nanoemulsions are produced using this approach. The potential toxicity of emulsifiers and solvents that are suitable for utilization within foods, pharmaceuticals, and other consumer products has been published by various organizations, including the World Health Organization [41] . In the present study all FDA accepted ingredients were used, and no toxicity has been reported for them so far. There are also many reports on the safety of transdermal nanoemulsions. For example, the in vivo toxicity of meloxicam nanoemulsion gel was assessed by histopathological examination in rat which turned out to be nonirritant and biocompatible [42] . Also there was no observed mortality or any signs of toxicity during the experimental period of using thymoquinone-rich fraction nanoemulsions [43] .
Conclusion
O/w nanoemulsion released higher amount of metoprolol through cellulose acetate membrane compared to w/o nanoemulsions; however, permeation and diffusion of drug through rat skin from w/o and o/w nanoemulsion did not differ significantly. Formulations containing 10% aqueous solution of metoprolol had higher drug release rate, and those containing lecithin 200 were preferred because of using less alcohol for elucidating the systems.
